in BD and these impairments are addressed as a part of interpersonal and social rhythm therapy.
Studies suggest that a close relationship exists between impairments in biological rhythms and metabolic syndrome. [5, 6] The association between the disruption of circadian rhythms and alteration of metabolic parameters could be due to the effect of several biochemical and physiological processes initiated by genetic abnormalities. [6] The prevalence rates of Metabolic syndrome (MS) have been found to be nearly two-fold higher in patients with BD compared to the general population. [7] The association of biological rhythm disturbance with MS has been relatively unexplored in BD despite the existing literature of the role of circadian rhythms in metabolic syndrome. There are no studies from India assessing the relationship of biological rhythms, MS and functioning in BD. Assessing the role of metabolic parameters is all the more important in the Asian setting, considering the higher burden of MS. [8] With this background, the current study hypothesized that impairment of biological rhythms in BD is a trait marker and is associated with impairments in metabolic parameters and functioning.
The primary objective is to compare biological rhythm disturbances between euthymic cases of BD and apparently healthy controls. The secondary objective is to assess the relationship between biological rhythms with clinical and treatment variables, functioning and metabolic parameters in patients with BD.
MATERIALS AND METHODS

Study setting
The study was a cross-sectional observational study carried out throughout 6 months from January to July 2017 in Jawaharlal Institute of Post Graduate Medical Education and Research (JIPMER). The hospital serves patients from Puducherry and neighboring districts of the state of Tamil Nadu. All cases presenting to the psychiatry outpatient department are first evaluated by a Senior Resident for psychiatric morbidity. Subsequent detailed evaluation of symptoms is performed by psychiatry trainees following which the case is discussed with the consultant psychiatrist and a detailed diagnosis and management plan is formulated. All psychiatric diagnoses are made as per the International Classification of Diseases-10. [9] These patients are subsequently asked to follow-up in the bipolar clinic which is run weekly. A total of around 350-400 patients divided into three batches are under the follow-up of this clinic. Patients or their caregivers attend the follow-up clinic and receive drug refills once in 3 weeks, after assessment by the psychiatrist.
Sample size
There are no studies assessing the prevalence of biological rhythm impairment in patients with euthymic BD. A study by Dopierala et al., 2016 had assessed biological rhythm impairment in euthymic BD in 54 cases and 54 controls. [10] The population of euthymic BD was entered as 54 with 95% confidence interval and 5% alpha error which gives sample size of 47 in the euthymic BD group. This was rounded off to 50 each in euthymic BD and healthy control group each.
Study sampling and population
Sampling was hospital-based convenience sampling. The study included two groups. The patients who were currently under remission were included in the euthymic BD group. The second group comprised apparently healthy controls selected from voluntary blood donors visiting the blood bank of JIPMER. The selection criteria for the two groups are as follows: 1. Euthymic BD: patients of either gender aged between 18 and 60 years diagnosed with having BD as per Diagnostic and Statistical Manual-5.0 (DSM-5.0) [11] with Young Mania Rating Scale (YMRS) [12] ≤8 or Hamilton Depression Rating Scale (HDRS) [13] ≤7 for the past 8 weeks 2 Apparently healthy controls: participants of either gender aged between 18 and 60 years with no history of chronic medical/surgical illness or psychiatric illness (ascertained through medical records). The controls were age and gender matched.
Shift workers, patients with comorbid axis I psychiatric illness and those who could not read or write Tamil or English were excluded from the study.
Clearance for this study was obtained from the Institute Ethics Committee. Written Informed consent from all participants was obtained in the local language.
Assessments
Sociodemographic and clinical details were collected using a semi-structured pro forma. Diagnosis of BD was made by DSM-5 criteria. The Mini-International neuropsychiatric interview 5.0 was used to assess for psychiatric comorbidity and thereby exclude participants (in both groups) with psychiatric comorbidity. [14] The predominant polarity was defined as predominantly manic and predominantly depressive if at least two-thirds of the past episodes were fulfilling criteria for manic/hypomanic episodes and for major depressive episode as per DSM-IV TR. [15] The Biological Rhythms Interview of Assessment in Neuropsychiatry (BRIAN) was used for assessing biological rhythms. [16] BRIAN is a 21 item questionnaire assessing domains of sleep, activity, social, diet, and chronotype over the last 2 weeks. The greater the score obtained, the higher is the impairment in biological rhythms. The BRIAN questionnaire is a self-rated questionnaire previously validated in Tamil speaking patients with BD. [11] BRIAN questionnaire was translated into Tamil and later back-translated to English to check for equivalence. Further, pilot study of the translated Tamil version was carried out on ten patients with BD to check for feasibility.
Functioning assessment screening tool (FAST) was used for assessing functioning. [17] It assesses domains of autonomy, work, cognitive functioning, financial issues, interpersonal relationships, and leisure. FAST has been previously used in our setting. [18] The National Institute of Mental Health-Life Chart Methodology (NIMH-LCM™) Clinician Retrospective Chart was used for assessing details about episodes, comorbid symptoms, life events, details of hospitalization, and medication. [19] HDRS was used to assessing symptoms of depression [13] and YMRS was used for assessing symptoms of mania. [12] Only euthymic patients of BD could be assessed for MS as per modified National Cholesterol Education Program-Adult Treatment Panel III (NCEP ATP III) criteria. [20] As per modified NCEP ATP III criteria, MS is diagnosed if three out of five criteria are met: Waist circumference of 90 cm in men and 80 cm in women; hypertriglyceridemia (triglycerides ≥150 mg/dl), low high density lipoprotein (HDL) cholesterol (HDL cholesterol ≤40 mg/dl for men and ≤50 mg/dl for women); elevated blood pressure (systolic blood pressure ≥130 mmHg and/or diastolic blood pressure ≥85 mmHg or current use of antihypertensive drugs); impaired fasting glucose (fasting plasma glucose ≥110 mg/dl). Waist circumference was measured at the approximate midpoint between lower margin of last palpable rib and top of the iliac crest. [21] Statistical analysis Descriptive analysis such as percentages, frequency, central tendencies, and tests for normal distribution were performed initially. 
RESULTS
A total of 124 patients were screened. Sixty-six patients were patients of euthymic BD. Of which, six patients were euthymic for <8 weeks. Five were excluded as they did not give consent and three patients could not read or write Tamil or English and two were aged >60 years. Finally, 50 cases of euthymic BD were included.
58 patients were apparently healthy controls. Out of these, three had psychiatric morbidity, two did not give consent and three patients could not read or write Tamil or English. Finally, 50 healthy controls were included.
Sociodemographic profile
The typical profile of a case was that of a married middle-aged male who has received about 10 years of formal education belonging to lower socioeconomic status and residing in an urban/semi-urban area. The controls were also similar to cases, except they were significantly better educated, belonged to middle socioeconomic status and lesser number of controls were married [ Table 1 ].
Clinical profile
Predominant polarity was mania in 96% of cases. The median number of episodes was 3.00 (interquartile range [IQR] = 2.00). The median duration since the last episode was 63.50 (IQR = 115) weeks. Mean (standard deviation [SD]) HDRS of cases and controls were 2 (1.95) and 0.22 (0.79). Mean (SD) of YMRS of cases was 0.34 (0.69). All of the controls had YMRS of 0. Hence, HDRS (U = 522.00; P < 0.001) as well as YMRS (U = 975.00; P < 0.001) was significantly higher in cases compared to controls.
Treatment history
The median chlorpromazine dose years was 383.00 (IQR = 703.60). The median number of psychotropic medications received over the past 1 year was 2.00 (IQR = 2.00). About 14% had ever received antidepressants. About 62% and 26% of patients were on Sodium valproate and Lithium predominantly across their lifespan until the date of recruitment. About 14% of cases received modified electroconvulsive therapy.
Profile of biological rhythms
Cases had significantly higher impairment of biological rhythms as measured by domains as well as total scores of BRIAN and PSQI [ Table 2 ]. 
Functioning
The cases had significantly poor functioning compared to healthy controls in total FAST (U = 215.00; P = 0.00) as well as domains of FAST, autonomy (U = 580.00; P = 0.00), occupational (U = 635.00; P = 0.00), cognitive (U = 271.00; P = 0.00), and interpersonal domain (U = 646.00; P = 0.00).
Profile of metabolic parameters
MS was diagnosed in 47.50% of cases. Decreased HDL was the most common abnormality among components of MS noted (67.50%) followed by increased waist circumference (62.50%), increased systolic blood pressure (50.00%), increased triglyceride (37.50%), increased fasting blood sugar (17.50%), and increased diastolic blood pressure (5.00%).
Correlation between biological rhythms and functioning, metabolic parameters, and other clinical variables
Significant correlation was obtained between total BRIAN score and total FAST (r s = 0.80; P < 0.001) as well as domains of FAST, autonomy (r s = 0.68; P < 0.001), occupational (r s = 0.58; P < 0.001), cognitive (r s = 0.64; P < 0.001), financial (r s = 0.28; P = 0.047), and interpersonal relationship (r s = 0.39; P = 0.01).
No significant correlation was obtained between BRIAN scores and components of MS.
The correlation between BRIAN scores and clinical variables is given in Table 3 .
Significant correlation was observed between HDRS and total BRIAN score (Spearman correlation; r s = 0.67; P < 0.001; [ Figure 1 ]) as well as sleep domain of BRIAN (Spearman correlation; r s = 0.69; P = 0.01; [Figure 2 ]). Significant correlation was also found between HDRS and activity domain of BRIAN (r s = 0.32; P = 0.02) as well as diet domain (r s = 0.30; P < 0.001).
DISCUSSION
The chief finding of the study was that biological rhythms were significantly impaired in patients with euthymic BD. Total BRIAN as well as all domains of BRIAN except chronotype domain were significantly higher in cases with remitted BD compared to healthy controls. The current finding is in concordance with previous studies. [22] [23] [24] [25] [26] [27] A study from Spain reported significant difference in only domains of sleep, activity, and social domains. [22] An Indian study noted significant impairment only in activity, social, and diet domains. [23] This adds to the growing evidence that impairment of biological rhythms could be a trait marker in BD. Further, this finding might also have potential utility in differentiating bipolar depression from unipolar depression as impairment in biological rhythms was found specific to remitted cases of BD but not in remitted major depressive disorder. [26] The finding of no correlation between the total BRIAN score and duration since the last episode further adds credence to the consideration of biological rhythm impairment being a trait marker. Although a correlation was demonstrated between sleep as well as social activity with duration since the last episode, the magnitude of correlation was small.
In our study, subsyndromal depressive symptoms in euthymic BD significantly correlated with impairment in total BRIAN as well as domains of sleep, activity, and social activity. These findings are partly supported by findings of an Indian study, which found a significant correlation between HDRS scores and total BRIAN as well as sleep and activity domains of BRIAN. [23] Consistently, subsyndromal depressive symptoms have been found to be predictors of impairment of biological rhythms in euthymic BD in western as well as Indian studies. [22, 23] Further, improvement of depressive symptoms by a combination of psychoeducation of biological rhythms and medication was found to significantly improve sleep and social domains at 6 months of follow-up in a study from Brazil. [28] The euthymic BD reported significantly poor functioning compared to the control group, in accordance with previous studies. [23, 27] However, this finding needs to be interpreted carefully considering the better educational status of controls compared to cases. Impairment of biological rhythms significantly correlated with poor functioning. A significant correlation was obtained between total BRIAN score and total FAST as well as domains of FAST such as autonomy, occupational, cognitive, financial, and interpersonal relationship. Biological rhythm disturbance emerged as the most important predictor of impairment of functioning in a study reported from Brazil. [27] In a multicentric study from Spain, Canada, and Brazil, biological function impairment and subsyndromal depressive symptoms were found to be independent predictors of functioning in BD in euthymia. [25] Residual depressive symptoms have often been linked to poor functioning in nearly remitted BD. On the basis of this evidence, it looks like biorhythms may be the underlying mechanism through which this link can be explained. Future studies employing path analysis techniques can clarify this further.
Age of onset inversely correlated with chronotype domain of biological rhythm. This finding could be understandable in the context of complex interaction between age of onset and molecular clock genes which determine the chronotype. Certain polymorphisms of molecular clock gene, Per3 gene have been associated with early age of onset. [29] It may also imply that early-onset and late-onset BD are two distinct populations with independent correlates and possibly endophenotypes.
The significant positive correlation was found between number of psychotropic medication and impairment of biological rhythms, especially sleep domain. This could perhaps be due to patients with sleep disturbance being prescribed more number of medication as biological rhythms, sleep and subsyndromal depression are closely interlinked as discussed earlier. Further, a bidirectional relationship has been noted between biological rhythms and action of the psychotropic medication. [30] It is also important to consider that the patients were receiving Valproate predominantly as the valproic acid was found to alter the sleep architecture. [31] As lithium is found to have mechanism of action through circadian pathways, [30, 31] it would be worth comparing the effect of various mood stabilizers on biological rhythms in future studies.
The current study found no correlation between biological rhythms and metabolic parameters. Despite extensive search of the literature, we could not come across any studies which have assessed the association between biological rhythms and metabolic parameters in euthymic BD. The study focus on euthymic BD could be one of the reasons of not finding any association between biological rhythms and metabolic parameters as derangements in metabolic parameters are increasingly being reported as "state" changes rather than "trait" changes. There is preliminary evidence to suggest that cholesterol could be a state marker of BD. [32] Significant interaction was reported between impairment of biological rhythms, especially sleep, social and eating domains and MS in patients with depression in a previous study. [33] Comparison of metabolic parameters as well as assessing the association of metabolic parameters and biological rhythms in active and euthymic cases of BD might improve The study is probably the first from India to comprehensively assess biological rhythms, functioning and metabolic parameters in euthymic BD. The study reflects the real world patients with BD who have comorbidities such as substance use or medical illnesses. However, few limitations exist such as the small sample size, cross-sectional study design, and lack of objective parameters to assess biological rhythms.
No structured assessment of medication adherence was done. Hence, the confounding role of antipsychotics, mood stabilizers, antidepressants as well as benzodiazepines could not be addressed in the study. No structured instrument was used to screen for sleep disorders. The findings may not be generalizable due to the setting and sampling design. There is a need for future studies to assess if biorhythm disturbances are causal to or an epiphenomenon of behavioral problems in BD.
CONCLUSIONS
The findings of the study emphasize the importance of recognizing an impairment of biological rhythms as a trait marker in BD. The study also highlights the intricate relationship between biological rhythms, subsyndromal depressive symptoms, and functioning. The study findings have important treatment implications. Treating of subsyndromal depressive symptoms in the euthymic period and proper psychoeducation about biological rhythms should be emphasized during treatment of patients with BD to ensure better functioning.
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